WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification : 

H04B yoo 



A2 



(11) International PubUcation Number: WO 00/07301 

(43) International Publication Date: 10 February 2(X)0 (10.02.00) 



(21) International AppUcation Number: PCT/US99/ 1 708 1 

(22) International Filing Date: 27 July 1999 (27.07.99) 



(30) Priority Data: 

09/126,681 



30 July 1998 (30.07.98) 



US 



(71) Applicant: QUALCOMM INCORPORATED [US/US]; 5775 

Morehouse Drive. San Diego, CA 92121-1714 (US). 

(72) Inventor: BUTTERFIELD, Daniel, Kcyes; 12803 Calie De La 

Siena, San Diego, CA 92130 (US). 

(74) Agents: MILLER, Russell, B. ct al.; (Jualcomm Incorporated. 
5775 Morehouse Drive, San Diego, CA 92121-1714 (US), 



(81) Designated States: AE, AL. AM. AT. AU. AZ. BA, BB, BG. 
BR. BY, CA. CH. OI, CU. CZ. DE, DK, EE. ES, FI. GB, 
GD, GE, GH. CM, HR. HU. ID, IL. IN. IS. JP. KE, KG. 
KP. KR. KZ, LC. LK. LR. LS, LT, LU. LV. MD. MG. MK. 
MN. MW. MX. NO. NZ. PL, PT, RO, RU, SD. SE. SG, SI. 
SK. SL. TJ, TM, TR, TT, UA, UG. UZ, VN. YU. ZA. ZW. 
ARIPO patent (GH. GM. KE, LS, MW. SD. SL. SZ, UG. 
ZW). Eurasian patent (AM. AZ, BY, KG. KZ. MD, RU, TJ. 
TM). European patent (AT. BE. CH. CY, DE, DK, ES, FI, 
FR. GB, GR. IE. IT, LU. MC, NL, PT. SE), OAPI patent 
(BF. BJ. CF. CG. CI. CM. GA. GN. GW, ML, MR, NE, 
SN. TD. TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Titie: HARDWARE-EFFICIENT TRANSCEIVER WITH DELTA-SIGMA DIGITAl^TO-ANALOG CONVERTER 




34 



116 \o 117 48 



(57) Abstract 



A hardware-efficient transceiver. The transceiver (80) includes a digital circuit for converting baseband signals to intermediate 
frequency signals. A signal source provides a first periodic signal of a first frequency. A direct digital synthesizer (84) provides a second 
periodic signal of a second frequency from the first periodic reference signal. An upconverter circuit digitally upconvcrts the baseband 
signals to digital intermediate frequency signals using the second periodic signal. A digital-to-analog converter converts (82) the digital 
intermediate frequency signals to analog intermediate frequency signals using the first periodic signal. 
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HARDWARE-EFFICIENT TRANSCEIVER WITH 
DELTA-SIGMA DIGIT AL-TO- ANALOG CONVERTER 

5 BACKGROUND OF THE INVENTION 

I. Field of the Invention 

This invention relates to communications systems. Specifically, the 
10 present invention relates to transceivers used in communications networks. 

II. Description of the Related Art 

Cellular telecommunications systems are characterized by a plurality 
15 of mobile transceivers in communication with one or more base stations. 
Each transceiver includes a transmitter and a receiver. 

In a typical transceiver, an analog radio frequency (RF) input signal, 
received by an antenna, is downconverted by an RF section to an 
intermediate frequency (IF). Signal processing circuits perform noise 
20 filtering and adjust the magnitude of the signal via analog automatic gain 
control (AGC) circuitry. An IF section then mixes the signal down to 
baseband and converts the analog signal to a digital signal. The digital signal 
is then input to a baseband processor for further signal processing to output 
voice or data. 

25 Similarly, the transmitter receives a digital input from the baseband 

processor and converts the input to an analog signal. This signal is then 
filtered and upconverted by an IF stage to an intermediate frequency. The 
gain of the transmit signal is adjusted and the IF signal is upconverted to RF 
in preparation for radio transmission. 

30 In both the transmit and receive sections, signal gain adjustment and 

mixing is typically performed in the analog domain. This necessitates the 
use of a plurality of local oscillators (LOs) for signal downconversion, 
upconversion, and mixing. Analog local oscillators tend to be bulky and 
require the use of one or more phase-locked loops. As is well known in the 

35 art, phase-locked loops are large, expensive circuits that consume a 
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considerable amount of power. Hence the use of PLLs, drive up the cost, 
size and power consumption of analog local oscillators and the transceivers 
in which these circuits are employed. 

Hence, a need exists in the art for a cost-effective, space-efficient 
5 transceiver with low noise characteristics and minimal power consumption. 

SUMMARY OF THE INVENTION 

The need in the art is addressed by the transceiver of the present 
10 invention. The inventive transceiver includes a digital circuit for 
converting baseband signals to intermediate frequency signals. A signal 
source provides a first periodic signal of a first frequency. A direct digital 
synthesizer provides a second periodic signal of a second frequency from the 
first periodic reference signal. An upconverter circuit digitally upconverts 
15 the baseband signals to digital intermediate frequency signals using the 
second periodic signal. A digital-to-analog converter converts the digital 
intermediate frequency signals to analog intermediate frequency signals 
using the first periodic signal. 

In the transceiver implementation, the digital circit upconverts a first 
20 transmit signal from a first frequency to a second frequency in response to 
the second periodic signal and provides a digital transmit signal in response 
thereto. A second circuit is provided for converting the digital transmit 
signal to an analog transmit signal. Transmit and receive circuitry are 
provided for transmitting the analog transmit signal and receiving an 
25 analog receive signal, respectively. 

In a specific embodiment, the analog receive signal is digitally 
downconverted to provide a digital receive signal in response to a second 
periodic signal. A significant feature of the invention resides in the 
provision of the first and second periodic signals with a single local 
30 oscillator, A direct digital synthesizer is included for generating one of the 
reference signals from the output of the local oscillator. 

The transmit circuit includes a delta-sigma digital-to-analog converter 
having the first periodic signal as an input. The delta-sigma digital-to- 
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analog converter has a low-bit digital-to-analog converter and a delta-sigma 
modulator. 

In the illustrative embodiment, the low-bit digital-to-analog 
converter is a 1-bit digital-to-analog converter and the delta-sigma 
5 modulator is a sixth order delta-sigma modulator. The delta-sigma 
modulator includes amplifiers with approximately the following gains: 3/2, 
-3/4,1/8. 

The transmit circuit includes a digital automatic gain control circuit 
for adjusting the gain of the first signal. An output of the automatic gain 

10 control circuit is input to the delta-sigma digital-to-analog converter. Also, a 
digital lowpass filter, a digital mixer, and a digital adder are included in the 
transmit circuit. An output of the digital adder provides an input to the 
automatic gain control circuit. 

The novel design of the present invention is facilitated by the 

15 elimination of a local oscillator via the use of the direct digital synthesizer 
and the delta-sigma digital-to-analog converter. By eliminating a local 
oscillator, power and space savings are achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
. taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

25 

FIG. 1 is a block diagram of a prior art transceiver. 

FIG. 2 is a block diagram of a transceiver constructed in accordance 
with the teachings of the present invention and employing a delta-sigma 

(AE) digital-to-analog converter (DAG) and a direct digital synthesizer (DDS). 
30 FIG. 3 is a block diagram of the AL DAG of HG. 2. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the present invention is described herein with reference to 
5 illustrative embodiments for particular applications, it should be 
understood that the invention is not limited thereto. Those having 
ordinary skill in the art and access to the teachings provided herein will 
recognize additional modifications, applications, and embodiments within 
the scope thereof and additional fields in which the present invention 
10 would be of significant utility. 

The following review of a traditional transceiver is intended to 
facilitate an understanding of the present invention. 

FIG. 1 is a block diagram of a prior art transceiver 20. The transceiver 
20 is a dual conversion telecommunications transceiver and includes an 
15 antenna 21 for receiving and transmitting RF signals. A duplexer 22 
connected to the antenna 21 facilitates the separation of receive RF signals 24 
from transmit RF signals 26. 

The receive RF signals 24 enter a receive circuit that includes a 
receive RF amplifier 28, an RF-to-IF mixer 30, a receive bandpass filter 32, an 
20 analog receive automatic gain control (AGC) circuit 34, and an analog IF-to- 
baseband processing circuit 36. The receive RF signals 24 are amplified by 
the receive amplifier 28, mixed to intermediate frequencies via the RF-to-IF 
mixer 30, filtered by the receive bandpass filter 32, gain-adjusted by the 
receive AGC 34, and then converted to digital baseband signals 48 via the 
25 analog IF-to-baseband processing circuit 36. The digital baseband signals 48 
are then input to a digital baseband processor 46. 

The RF transmit signals 26 arrive at the duplexer 22 from a transmit 
circuit that includes a transmit RF amplifier 38, an IF-to-RF mbcer 40, a 
transmit bandpass filter 42, and analog baseband-to-IF processing circuit 44. 
30 Digital baseband processor output signals 50 are received by the analog 
baseband-to-IF processing circuit 44 where they are converted to analog 
signals, mixed to IF signals that are then filtered by the transmit bandpass 
filter 42, mixed up to RF by the IF-to-RF mixer 40, amplified by the transmit 
amplifier 38 and then transmitted via the duplexer 22 and the antenna 21. 
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Both receive and transmit circuits are connected to the digital 
baseband processor 46 that processes the received baseband digital signals 48 
and outputs the digital baseband processor output signals 50. The baseband 
processor 46 may include such functions as signal to voice conversions 
5 and /or vise versa. 

The baseband processor output signals 50 are 90° out of phase with 
respect to each other and correspond to in-phase (I) and quadrature (Q) 
signals. The output signals 50 are input to digital-to-analog converters 
(DACs) 52 in the analog baseband-to-IF processing circuit 44 where they are 

10 converted to analog signals that are then filtered by lowpass filters 54 in 
preparation for mixing. The signals' phases are adjusted, mixed, and 
summed via a 90"* shifter 56, baseband-to-IF mixers 58, and adder 60, 
respectively. The adder 60 outputs IF signals 62 that are input to an analog 
transmit automatic gain control (AGC) circuit 64 where the gain of the 

15 mixed IF signals 62 is adjusted in preparation for filtering via the transmit 
bandpass filter 42, mixing up to RF via the IF-to-transmit mixer 40, 
amplifying via the transmit amplifier 38, and eventual radio transmission 
via the duplexer 22 and the antenna 21. 

The DACs 52 in the baseband-to-IF processing circuit 44 are clocked by 

20 a first local oscillator (LOl) 66. The sampling rate of the DACs 52 is 
determined by the frequency of the local oscillator 66. The local oscillator 66 
also provides the clock signal to the analog IF-to-baseband processing circuit 
36, which is used by analog-to-digital converters (ADC) 68 in the analog IF- 
to-baseband processing circuit 36. 

25 A second local oscillator (L02) 70 is required by the mixers 58 in the 

analog-to-baseband processing circuit 44. The second local oscillator 70 
outputs a clock signal having a different frequency than the output of the 
first local oscillator 66. Typically, the second local oscillator 70 operates at a 
much higher frequency than the first local oscillator 66. 

30 A third local oscillator 72 is required for the operation of the receive 

RF-to-DF mixer 30 and the transmit IF-to-RF mixer 40. Typically the same 
local oscillator 72 is used for both mixers 30, 40. 
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A fourth local oscillator 73 is used by an analog mixing circuit 75 in 
the analog IF-to-Baseband circuit 36 to facilitate IF-to-baseband processing 
fimctions performed by the analog mixing circuit 75. 

All of the local oscillators 66, 70, 72, 73 require one or more phase- 
5 locked loops (PLLs), PLLs are typically large analog circuits that consume 
excess power. 

Design limitations of the transceiver 20 limit the amount of signal 
processing that can be performed in the digital domain, and require the use 
of additional large analog power-consuming circuits such as local oscillators 
10 and analog AGCs. For example, the multi-bit DACs 52 are implemented 
before the analog signal mixing and filtering performed by the baseband-to- 
IF-processing circuit 44. This is partly because the DACs 52 would generate 
an extraordinary amount of spurious noise if they were implemented after 
mixing. This is because the IF signals 62 are higher frequency signals that 
15 magnify converter glitches thereby increasing spurious noise. The spurious 
noise is typically in-band and is difficult to filter via conventional means. 

Since the digital-to-analog conversion must take place before 
baseband-to-IF conversion by the circuit 44, the baseband-to-IF processing 
circuit 44 must be implemented in the analog domain. The analog mixers 
20 58, filters 54, adder 60, and the analog AGC 64 are much larger and consume 
more power than their digital counterparts. Furthermore, imbalances due 
to low precision of analog circuits causes feedthrough of the oscillator signal 
70, which carmot be filtered by practical means. 

In addition, the design of the transceiver 20 necessitates the use of at 
25 least three local oscillators, i.e., the first local oscillator 66, the second local 
oscillator 70 and the third local oscillator 72. The oscillators 66, 70, and 72 
include large, power-inefficient analog PLLs. 

FIG. 2 is a block diagram of a transceiver 80 constructed in accordance 
with the teachings of the present invention. The transceiver 80 employs a 
30 delta-sigma (AZ) digital-to-analog converter (DAC) 82 and a direct digital 
synthesizer (DDS) 84. In the transceiver 80, the analog baseband-to-IF 
processing circuit 44 of FIG. 1 and the analog IF-to-baseband processing 
circuit 36 of FIG. 1 are replaced with a re-designed baseband-to-IF processing 
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circuit 86, and re-designed IF-to-baseband processing circuit 88, respectively. 
The replacements eliminate the need for the second local oscillator 70 of 
FIG. 1, greatly reducing transceiver power consumption and size. 

The AE DAC 82 can convert digital IF signals to analog signals 
5 without the spurious noise problems of a multi-bit DAC. By employing the 
2A DAC 82, baseband-to-IF signal processing may be performed in the digital 
domain, thus eliminating oscillator feedthrough. 

The digital baseband-to-IF processing circuit 86 includes a first digital 
lowpass filter 90 and a second digital lowpass filter 92 that filter undesirable 

10 signals such as noise from quadrature (Q) 94 and in-phase (I) 96 signals 
received from the baseband processor 46, respectively. The filtered in-phase 
signals are input to a first digital mixer 98, while the filtered quadrature 
signals are input to a second digital mixer 100. The first mixer 98 is clocked 
by a DDS clock signal 102 from the DDS 84. The DDS clock signal 102 is 

15 shifted in phase by 90** by a digital phase shifter 106, providing a shifted clock 
signal 104 in response thereto. By clocking the mixers 98, 100 with clock 
signals that are 90° out of phase, the I and Q signals are brought in phase. 
The mixers 98, 100 convert the I and Q signals to IF signals that are 
combined via a digital adder 108. The added IF signals are then output to a 

20 digital AGC 110, the construction of which is well known in the art. The 
digital AGC 110 adjusts the gain of the IF signals and outputs these signals to 
the AT DAC 82. The AE DAC 82 converts these signals to analog signals in 
preparation for more filtering by the bandpass filter 42, mixing up to radio 
frequencies by the mixer 40, amplifying by the amplifier 38 and transmitting 

25 via the duplexer 22 and the antenna 21. 

The AZ DAC 82 utilizes an oscillator signal 112 generated by a single 
local oscillator 114 to drive a 1-bit DAC included in the AZ DAC 82 (as 
discussed more fully below). The oscillator signal 112 is also used as a 
frequency control signal to drive the DDS 84 that synthesizes the DDS clock 
30 signal 102. The DDS clock signal 102 has a different frequency than the 
oscillator signal 112. 
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The DDS 84 produces a digitized sinusoidal signal corresponding to 
the clock signal 102 from the oscillator signal 112 by accumulating phase 
increments of the digitized sinusoidal signal 102 at the higher rate of the 
oscillator signal 112. The accumulated phase is converted to the digitized 
5 sinusoidal signal 102 via a look-up table (not shown). The digitized 
sinusoidal signal 102 is used as a frequency reference by the mixers 98, 100 to 
translate the baseband signals 94, 96 to IF. 

Construction of the DDS 84 is known in the art and described in U.S. 
Patent No. 4,965,533, entitled DIRECT DIGITAL SYNTHESIZER DRIVEN 
10 PHASE LOCK LOOP FREQUENCY SYNTHESIZER, assigned to the assignee 
of the present invention and incorporated herein by reference. 

Those skilled in the art will appreciate that the DDS 84 may be 
implemented as a programmable DDS whose output clock signal 102 is 
adjustable in response to transmission or reception errors due to oscillator 
15 frequency drift and/or other related errors. Such error measurements may 
be detected by logic in the baseband processor 46 or via additional error 
detection circuits (not shown). 

Use of the DDS 84 to generate the DDS clock signal 102 eliminates the 
need for an additional local oscillator with an additional PLL. The DDS 84 is 
20 much smaller than a local oscillator and PLL and may be readily 
implemented in a compact very large scale integration (VLSI) circuit along 
with the digital mixers 98, 100, filters 90, 92, adder, 108, AGC 110, and AX 
DAC 82. In addition, the DDS 84 consumes relatively small amounts of 
power. Also, use of the low noise AZ DAC 82 eliminates the need for an 
25 additional multi-bit DAC as is required in the transceiver 20 of FIG. 1. 

With reference to FIGS. 1 and 2, the separate PLL oscillator 70 required 
in the conventional transceiver 20 for baseband-to-IF conversion is 
replaced, in the transceiver 80 of the present invention by the digital DDS 84. 
The performance of the baseband-to-IF processing circuit 44 of FIG. 1 is 
30 improved upon, in the present invention. In the present invention, analog 
processing functions are implemented in digital circuits and the spurious 
multi-bit DACs 52 are replaced with the 1-bit sigma-delta DAC 82. 
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processing functions are implemented in digital circuits and the spurious 
multi-bit DACs 52 are replaced with the 1-bit sigma-delta DAC 82. 

In the present specific embodiment, the oscillator signal 112 is also 
used to clock a digital IF-to-baseband processing circuit 88 in the receive 
5 circuit. In the present specific embodiment, the digital IF-to-baseband 
processing circuit 88 that includes a high-speed AL analog-to-digital 
converter (ADC) 116, a digital mixing circuit 117, and a frequency multiplier 
for converting the frequency of the oscillator signal 112 to a second 
frequency for use by the AZ ADC 116. The construction of AZ ADCs, digital 
10 mixing circuits, and frequency multipliers is well known in the art. 

In the present embodiment, the frequency multiplier 117 divides the 
frequency (Fs) of the oscillator signal 112 by four and provides the resulting 
divided oscillator signal as a clock to a 1-bit ADC (not shown) included in 
the AL ADC 116. 

15 The oscillator signal 112 provides a reference frequency to the digital 

mixing circuit 117 for use by the digital mixing circiiit 117 to downconvert 
digital IF signals output from the AZ ADC 116 to the baseband signals 48. 

Those skilled in the art will appreciate that digital downconversioh 
functions performed in the digital IF-to-baseband processing circuit 88 may 

20 be implemented in a manner similar to up-conversion functions performed 
in the digital baseband-to-IF processing circuit 86. Also, the analog AGC 34 
may be implemented as a digital AGC after the ZA ADC 116 in the digital IF- 
to-baseband circuit 88. 

Construction of the receive circuit may be implemented in accordance 

25 with the teachings of U.S. Patent Application Serial No. 08/987306, filed on 
December 9, 1997, entitled RECEIVER WITH DELTA-SIGMA ANALOG-TO- 
DIGITAL CONVERTER, assigned to the assignee of the present invention 
and incorporated by reference herein. 

Those skilled in the art will appreciate that digital IF-to-baseband 

30 processing circuit 86 may be replaced with a different version, such as the 
analog IF-to-baseband processing circuit 36 of FIG. 1 without departing from 
the scope of the present invention. Also, the DDS 84 of the digital baseband- 
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to-IF processing circuit 86 may be implemented in the IF-to-baseband 
processing circuit 88 in addition to or instead of being implemented in the 
digital baseband-to-IF processing circuit 86. That is, the DDS output 102 may 
be used by downcon version circuitry and/or ADCs in the IF-to-baseband 
5 processing circuit 88. In addition, the AGC circuit 110 may be implemented 
in the analog domain after the AZ DAC 82 without departing from the scope 
of the present invention. 

FIG. 3 is a block diagram of the AZ DAC 82 of FIG. 2. The AZ DAC 82 
includes a 1-bit DAC 120 at the output of a AZ modulator 122. The AZ 

10 modulator 122 is a sixth order AZ modulator. The AZ modulator 82 has 
three basic building blocks 124, also termed second order resonators, 
cascaded together. Each basic building block 124 includes a combination of 
digital delays (z'^) 128, amplifiers 130 having voltage gains (where i is an 
integer index ranging from 0 to 5), an adder 132, and a subtractor 134. The 

15 adder 132 receives as parallel inputs, outputs from the amplifiers 130. One 
of the amplifiers 130 has an input provided by a digital delay 128 whose 
input is also the input of the other amplifier 130. This input is provided by 
a digital delay 128 in a subsequent resonator 124, or, in the case of the output 
basic block 124, provided by the noise-shaped output 127 of the AZ 

20 modulator 82. 

The first basic building block 124 receives the output of the digital 

AGC 110 of FIG. 2 as a third input to the adder 132. Subsequent building 

blocks 124 receive outputs of the previous basic building blocks 124 as third 

inputs to the adders 132. 
25 Those skilled in the art will appreciate that methods for constructing 

the basic building blocks 124 are well known in the art and may be 

implemented using programmable gate arrays. 

The output of the adder 132 provides an input to the subtractor 134. 

The output of the adder 132 is sent through a digital delay 128, providing the 
30 output of the resonator 124. The output of the resonator 124 is sent through 

another digital delay 128 and provides a second input to the adder 132 

forming a feedback loop. 
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Quantization noise is modeled as a linear noise element 126 and 
occurs before the noise shaped output 127. 

The voltage gains of the amplifiers 130 are picked to provide a noise 
transfer function and signal transfer function that enable the AZ modulator 
5 82 to meet stability noise shaping requirements for a particular application. 
Methods for picking of the gains a for the amplifiers 130 are well known in 
the art. In the present specific embodiment, the gains are: =0, = 3/2, 
, =0,a3 = -3/4, 04 = 0,05 =1/8. 

The 1-bit DAC 120 is clocked by the oscillator signal 112 of FIG. 2. 
10 Those skilled in the art will appreciate that the 1-bit DAC 120 may be 
replaced by a low-bit DAC such as a 2 or 3 bit DAC without departing from 
the scope of the present invention. The constructions of sigma-delta DACs 
and ADCs are well known in the art. 

Thus, the present invention has been described herein with reference 
15 to a particular embodiment for a particular application. Those having 
ordinary skill in the art and access to the present teachings will recognize 
additional modifications, applications and embodiments within the scope 
thereof. 

It is therefore intended by the appended claims to cover any and all 
20 such applications, modifications and embodiments within the scope of the 
present invention, 

WHAT IS CLAIMED IS: 



wo 00/07301 PCT/US99/17081 

12 

CLAIMS 

1. A digital circuit for converting baseband signals to intermediate 
2 frequency signals comprising: 

a signal source for providing a first periodic signal of a first frequency; 
4 frequency synthesizing means for providing a second periodic signal 

of a second frequency from said first periodic signal; 
6 upconverting means for digitally upconverting baseband signals to 

digital intermediate frequency signals using said second periodic signal; and 
8 digital-to-analog converter means for converting said digital 

intermediate frequency signals to analog intermediate frequency signals 
10 using said first periodic signal. 

2. The invention of Claim 1 wherein said signal source includes a 
2 voltage controlled oscillator. 

3. The invention of Claim 1 wherein said frequency synthesizing 
2 means is a digital circmt, 

4. The invention of Claim 3 wherein said frequency synthesizing 
2 means includes a direct digital synthesizer. 

5. The invention of Claim 1 wherein said upconverting means 
2 includes a digital filter for removing undesirable signals from said baseband 

signals and/or said intermediate frequency signals. 

6. The invention of Claim 1 wherein said upconverting means 
2 includes first and second digital mixers. 

7. The invention of Claim 1 wherein said upconverting means 
2 includes a digital automatic gain control circuit. 

8. The invention of Claim 1 wherein said digital-to-analog 
2 converter means includes a delta-sigma digital-to-analog converter. 
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9. The invention of Claim 8 wherein said delta-sigma digital-to- 
2 analog converter includes a delta-sigma modulator having an order greater 

than two. 

10. The invention of Claim 9 wherein said delta-sigma modulator 
2 is a sixth order delta-sigma modulator. 

11. The invention of Claim 8 wherein said delta-sigma digital-to- 
2 analog converter includes a low-bit digital-to-analog converter. 

12. The invention of Claim 11 wherein said digital-to-analog 
2 converter is a 1-bit digital to analog converter. 

13. A digital circuit for converting intermediate frequency signals 
2 to baseband signals comprising; 

a signal source for providing a first periodic signal of a first frequency; 
4 frequency synthesizing means for providing a second periodic signal 

of a second frequency from said first periodic signal; 
6 downconverting means for digitally downconverting analog 

intermediate frequency signals to digital baseband signals using said second 
8 periodic signal; and 

analog-to-digital converter means for converting said analog 
10 intermediate frequency signals to digital intermediate frequency signals 
using said first periodic signal. 

14. The invention of Claim 13 wherein said signals source 
2 includes a voltage controlled oscillator. 

15. The invention of Claim 13 wherein said frequency 
2 synthesizing means includes a frequency multiplier. 

16. The invention of Claim 13 wherein said frequency 
2 synthesizing means is a digital circuit. 

17. The invention of Claim 16 wherein said frequency 
2 synthesizing means includes a direct digital synthesizer. 
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18. The invention of Claim 13 wherein said downconverting 
2 means includes digital mixers, 

19. The invention of Claim 13 v^herein said analog-to-digital 
2 converter means includes a delta-sigma analog-to-digital converter. 

20. A transceiver comprising: 
2 a receive circuit; 

a transmit circuit; 

4 a baseband processor connected to said receive circuit and said 

transmit circuit; 

6 a digital circuit in said transmit circuit for converting baseband signals 

from said baseband processor to digital intermediate frequency signals; and 

8 a delta-sigma digital-to-analog converter in said transmit 

circuit for converting said digital intermediate frequency signals to analog 
10 intermediate frequency signals. 

21. The invention of Claim 20 further including a signal source for 
2 providing a first periodic signal of a first frequency for input to said delta- 
sigma digital-to-analog converter, 

22. The invention of Claim 21 further including a direct digital 
2 synthesizer for converting said first periodic signal to a second periodic 

signal of a second frequency, said second periodic signal input to said digital 
4 circuit. 

23. A transceiver comprising: 

2 first means for digitally upconverting a first signal from a first 

frequency to a second frequency in response to a first reference signal and 
4 providing a first digital signal in response thereto; 

second means for converting said first digital signal at said second 
6 frequency to a first analog signal; 

third means for transmitting said first analog signal; 
8 fourth means for receiving a second analog signal- 

fifth means for digitally downconverting said second analog signal to 
10 a second digital signal in response to a second reference signal; and 
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a phase-locked loop for providing said first and said second 
12 reference signals. 

24. The invention of Claim 23 further including a direct digital 
2 synthesizer having the output of said local oscillator as an input and 

providing said first reference signal as an output thereof. 

25. The invention of Claim 23 further including a direct digital 
2 synthesizer having the output of said local oscillator as an input and 

providing said second reference signal as an output thereof. 

26. A transceiver comprising: 

2 first means for generating a first periodic signal of a first frequency; 

second means for digitally generating a second signal of a second 
4 frequency from said first periodic signal; 

third means for using said first periodic signal to perform digital-to- 
6 analog conversion or analog-to-digital conversion of signals in a transmit 
circuit or a receive circuit of said transceiver, said third means including a 
8 delta-sigma modulator; and 

fourth means for utilizing said second signal for an additional circuit 
10 in said transceiver eaid/ or said receiver, said additional circuit requiring a 
clock signal or reference frequency control signal, said clock signal or said 
12 reference frequency control signal provided by said second signal. - 

27. The invention of Claim 26 wherein said first means includes 
2 an oscillator. 

28. The invention of Claim 26 wherein said second means 
2 includes a direct digital synthesizer. 

29. The invention of Claim 26 wherein said third means includes 
2 a low-bit delta-sigma digital-to-analog converter. 

30. The invention of Claim 29 wherein said low-bit delta-sigma 
2 digital-to-analog converter is a 1-bit digital-to-analog converter. 
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31. The invention of Claim 26 wherein said delta-sigma 
2 modulator is a sixth order delta-sigma modulator. 

32. A transceiver comprising: 

2 means for generating a first periodic signal of a first frequency; 

means for receiving an analog signal, said receiving means including 
4 means for utilizing said first periodic signal to convert said received analog 

signal to a digital signal; 
6 means for digitally processing said received signal and for providing a 

first transmit signal; 
8 means for transmitting said first transmit signal, said means for 

transmitting including means for utilizing said first periodic signal to 
10 convert said first transmit signal from digital to analog; and 

means for driving digital circuitry in said means for transmitting 
12 and /or said means for receiving with said first periodic signal. 

33. The invention of Claim 32 wherein said means for driving 
2 includes a direct digital synthesizer for converting said first periodic signal 

of a first frequency to a second periodic signal of a second frequency, said 
4 second periodic signal provided as input to a digital circuit included in said 
digital circuitry. 

34. The invention of Claim 33 wherein said digital circuit is a 
2 digital mixer. 

35. The invention of Claim 32 wherein said digital circuitry 
2 includes a direct digital synthesizer for generating a second periodic signal 

from said first periodic signal for use by signal mixing circuitry in said 
4 transmitting means. 

36. The invention of Claim 1 wherein said direct digital 
2 synthesizer is a programmable direct digital synthesizer, 

37. The invention of Claim 32 wherein said means for 
2 transmitting includes a delta-sigma digital-to-analog converter, said digital- 
to-analog converter having said first periodic signal as an input. 
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38. The invention of Claim 37 wherein said delta-sigma digital-to- 
2 analog converter includes a low-bit digital-to-analog converter and a delta- 

sigma modulator. 

39. The invention of Claim 38 wherein said low-bit digital-to- 
2 analog converter, is a 1-bit digital-to-analog converter, 

40. The invention of Claim 38 wherein said delta-sigma 
2 modulator is a sixth order delta-sigma modulator. 

41. The invention of Claim 40 wherein said delta-sigma 
2 modulator includes amplifiers with approximately the following gains: 3/2, 

-3/4,1/8. 

42. The invention of Claim 32 wherein said means for 
2 transmitting includes a digital automatic gain control circuit for adjusting 

the gain of said first transmit signal. 

43. The invention of Claim 42 wherein an output of said 
2 automatic gain control circuit is input to said delta-sigma analog-to-digital 

converter. 

44. The invention of Claim 43 wherein said means for 
2 transmitting includes a digital lowpass filter, a digital mixer, and a digital 

adder, for providing an input to said automatic gain control circuit. 

45. The invention of Claim 32 wherein said means for receiving 
2 includes a delta-sigma analog-to-digital converter. 

46. The invention of Claim 45 wherein said means for receiving 
2 includes a frequency multiplier receiving said first periodic signal as an 

input and providing a frequency-adjusted signal in response thereto. 

47. The invention of Claim 46 wherein said frequency-adjusted 
2 signal has a frequency that is approximately 1/4*^ of the frequency of said first 

periodic signal. 

48. The invention of Claim 46 wherein said delta-sigma analog-to- 
2 digital converter receives said frequency-adjusted signal as an input. 
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49. The invention of Claim 32 wherein said means for generating 
2 includes a voltage controlled oscillator. 

50. The invention of Claim 32 wherein said means for processing 
2 includes a baseband processor. 

51. A high performance, space-efficient and power-efficient 
2 transceiver comprising: 

antenna means for receiving and transmitting radio frequency 
4 signals; 

first translating means for translating said radio frequency signals to 
6 intermediate frequency signals and vise versa; 

second translating means for translating said intermediate frequency 
8 signals to baseband signals and visa versa, said second translating means 
having a single local oscillator; 
10 filtering means for removing undesirable signals from said baseband 

signals and said intermediate frequency signals; 
12 gain control means in communication with said filtering means for 

adjusting the gain of said baseband signals and said intermediate frequency 
14 signals to facilitate signal processing; and 

means for processing said baseband signals in accordance with 
16 predetermined transceiver instructions. 

52. The invention of Claim 51 wherein said second translating 
2 means performs said translation with a digital mixing circuit. 

53. The invention of Claim 52 wherein said second translating 
2 means includes a direct digital synthesizer for generating a clock signal of a 

different frequency than that output by said first local oscillator. 

54. The invention of Claim 51 wherein said gain control means 
2 includes a digital automatic gain control circuit in communication with said 

mixing circuit. 
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55. The invention of Claim 51 wherein said means for processing 
2 is a cellular telephone baseband processor. 

56. The invention of Claim 51 wherein said filtering means 
2 includes a transmit bandpass filter, a receive bandpass filter, and at least one 

lowpass filter. 

57. The invention of Claim 51 wherein said first translating means 
2 includes a first local oscillator. 

58. A high performance, hardware-efficient transceiver 
2 comprising: 

antenna means for receiving receive signals and transmitting 
4 transmit signals; 

oscillator means for generating a first periodic signal; 
6 a signal processor for processing transmitted signals and received 

signals; 

8 a receive circuit having a first analog-to-digital converter having said 

first periodic signal as an input for converting said receive signals to 
10 baseband signals, said baseband signals input to said signal processor; 

a transmit circuit having a mixing circuit for mixing transmit 
12 baseband signals received from said signal processor to intermediate 

frequency band signals; ^ 
14 a direct digital synthesizer for synthesizing a second periodic signal 

from said first periodic signal for clocking said mixing circuit; 
16 a first digital-to-analog converter in said transmit circuit having said 

first periodic signal as an input for converting signals of said intermediate 
18 frequency band to analog signals; and 

a translating circuit for translating said intermediate frequency band 
20 signals to a frequency band suitable for broadcast and generating said 
transmit signals in response thereto. 

59. A digital circuit for translating signals between an intermediate 
2 frequency band and baseband comprising: 
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a local oscillator for providing a first periodic signal of a first 
4 frequency; 

a delta-sigma converter for converting analog signals to digital signals 
6 and/or visa-versa using said first periodic signal; 

a direct digital synthesizer for providing a second periodic signal 
8 based on said first periodic signal, said second periodic signal having a 

second frequency; and 
10 mixing means for translating said digital signals and/or said analog 

signals between said intermediate frequency band and said baseband using 
12 said second periodic signal. 

60. A method for transmitting and receiving signals including the 
2 steps of: 

digitally upconverting a first signal from a first frequency to a second 
4 frequency in response to a first reference signal and providing a first digital 

signal in response thereto; 
6 converting said first digital signal at said second frequency to a first 

analog signal; 
8 transmitting said first analog signal; 

receiving a second analog signal; 
10 digitally downconverting said second analog signal to a second digital 

signal in response to a second reference signal; and 

12 providing said first and said second reference signals via a local 

oscillator. 

61. The invention of Claim 60 further including the step of 
2 providing said first reference signal via a direct digital synthesizer having 

the output of said local oscillator as an input thereof. 

62. The invention of Claim 60 further including the step of 
2 providing said second reference signal via a direct digital synthesizer 

having the output of said local oscillator as an input thereof. 
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